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157] ~ ABSTRACT

From one or more lighter than air bodies, carrying wind
energy catching rotor devices, like windmills, turbines
or the like, the caught energy is mechanically transmit-
ted to earth by at least one endless cable-rope transmis-

sion. Each of the cables is led over an individual sheave

fitted to a turntable on earth (ground, ship, float or so),
from which it drives a stationary machine, like a genera-
tor or such, and cable guide rolls are provided as
needed. All functions of force-transmission, consisting
of energy transmission, wind-resistance and upward- -
floating forces and steering are performed by the turnta-
ble through the endless energy transmission cable(s),
and no tethering or other force-transmitting cables are
applied. In addition a loose, very low tensioned commu-
nication line for control, gas supply and the like extends

from the turntable to the floating parts. Cable guide

rolls are provided as needed. The design aims for a
simple installation which avoids cables getting entan-
gled when wind direction changes suddenly or in abso-
lute calm.

13 Claims, 13 Drawing Figures




U.S. Patent sep. 11, 1984 Sheet 1 of 4 4,470,563




U.S. Patent sep. 11,1984  Sheet 2 of 4  . 4,470,563 i

29

@ A

. s

4

+ it i : l'ﬁ 4 .

= smt——— — |
-2 =hd ' '
| ! | i
I' A-’u_.'.i.:_.

| 13
g

| ._3




U.S. Patent  sSep. 11, 1984 Sheet 3 of 4 4,470,563

|| a0 LB AT AR 0y '

el § <
7NN g
il ﬂ "I"

/J
g 7777

h"ty

IO T IIT IS

sy 13




U.S. Patent sep. 11, 1984 Sheet 4 of 4 4,470,563

E-12

Qo

g %g .

“\ s \m_‘i
/\

\ / VITITE SIS LIS IT TSI I, Ifl.rff 7, Iff

\} S——| 1Y o e

| /I,\“: """ -."IIA',

iy ]

/3 7

\\\

V. mm i, b
III ALY

g 7

' s




4,470,563

1
AIRSHIP-WINDMILL

BACKGROUND OF THE INVENTION

The invention is concerned with an installation for
catching or abstracting energy from winds, consisting
of a wind-catching means carried by one or more ligh-
ter than air bodies, like one or more windmills or wind
‘turbines which are fitted to a carrying structure carried
by the bodies, and of at least one endless cable-rope-
transmission by means of which the caught or ab-
stracted energy 1s transmittable to the ground, and of a
turntable which is pivotingly about a substantially verti-
cal pivoting shaft fitted to an anchor point at the
ground, which turntable comprises an cable-sheave for
each endless cable-rope led over said sheave, which
sheave is rotatably carried in bearings on the turntable
and 1s adapted to supply the energy to a driven appara-
tus, like a generator, pump or the like.

As wind energy-catching means one or more rotors
of the windmill-type may be used, but any other type,
like a rotor of the Darrieus-type or an endless belt-
machine, may be used as well.

In the U.S. Pat. No. 4,166,596 (Mouton c.s.) and in-
stallation of the above type is revealed. These and other
types of wind energy catching means are furthermore
described in chapter 2 of publication Nr. 3.323 (Wind
Energy) edited by the Technical University at Eindho-
ven, The Netherlands. Furthermore, windmills carried
by airships or balloons are known from the French
patent specification Nos. 995,547 (Franck) and
2,313,577 (Kling).

The known structures have disadvantages as far as
the anchoring is concerned. The present invention,
making use of only one anchoring point, aims to provide
for an always stable position of the airship-windmill,
excluding the cables getting entangled or coming to
cross each other.

SUMMARY OF THE INVENTION

The above-mentioned airship-windmill installation
according to the invention is characterized in that the
endless power transmission cable-rope(s) constitute(s)

the sole force-transmitting connection(s), which is (are)
as well adapted to provide for the steering and the an-

- choring of the floating part of the installation, in that the
first points-of-contact of the cable-rope parts which run
between the wind-catching means and the turntable,
with the turntable or with parts fitted to the turntable
- and with the wind-catching means are positioned on a
- pre-determined horizontal distance to each other.

- According to the invention no separate tethering or
steering cable, as described in the U.S. Pat. No.
4,166,596, 1s necessary. In order to have the tethering
cable function correctly an appreciable tension should
be kept upright in said cable, which reduces that part of
the resistance force due to the wind acting on the float-
ing part of the installation to be transmitted by the ca-
‘ble-ropes of the energy transmission to the turntable.
Thus the maximum transmittable power is proportion-
ally reduced. The complicated tethering and steering
apparatus on the turntable can be omitted as well. Fur-
- thermore the generator according to said U.S. Patent
-Specification is fitted on the turntable, so that the driv-
ing-reaction forces will have to be taken up by the teth-
-ering cables and by the steering apparatus on the turnta-
‘ble, which forms an additional complication.
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Under all circumstances, however, a communication
remains necessary for control, communication and/or
gas supply between the ground and the floating parts,
but this communication, for instance provided by a hose
and an electric cable, is only slightly tensioned and its
purpose 1s not to perform a steering or tethering func-
tion. According to the present invention, the turntable
1s provided with a simple compensation means in order
to keep said tension in the communication line constant
and light.

BRIEF DESCRIPTION OF DRAWINGS

Other characteristics of the invention will be ex-
plained in the following description of the accompany-
ing drawings of preferred embodiments which are only
given as examples.

FIG. 1 illustrates an installation with two wind en-
ergy catching means of the propeller-type and energy
transmission with two individual endless cable-rope
transmissions and a connection means between the
floating parts and the ground for gas transport, control,
communication, lightning-conduction to earth and the
like.

FIGS. 2, 3, 4 and 5 illustrate alternative carrying
structures of the two windmills, FIG. 3 showing a side-
view of FIG. 2, FIG. 5 showing a sideview of FIG. 4.

FIGS. 6 and 7 show an anchoring-turntable adapted
for use with an installation with two rotors according to
FIG. 1, FIG. 7 showing a sideview of FIG. 6.

FIGS. 8, 9 and 10 illustrate a variation for the energy
transport to the ground, FIG. 10 showing a cross-sec-
tion along the line X—X in FIG. 9.

FIGS. 11 and 12 show a turntable for one single
endless cable-rope power fransmission.

FIG. 13 illustrates a compensation means for the
connection means mounted on the turntable.

DESCRIPTION OF INVENTION

The invention aims to install the wind-energy-catch-
ing installation 1n a safe and reliable way in a location
with a high mean wind velocity by suspending it to one
or more balloons or airships and to avoid the cables
getting entangled. Furthermore it 1s intended that the
airborn masses are as small as possible, that the energy
is led to the ground in a simple way, that the floating
height of the lighter than air bodies and of the wind-
catching means is not reduced toco much by strong

-wind, that the angle between the ground and the cables

and the angle between the ground and the connection
means will not be reduced too much near the anchor
point in case of strong winds, and that overload of said

- connection means 1s avoided.

FIGS. 1, 2, 3, 4, 5 and 8 all show embodiments of
windmills of the propeller-type (1) but other wind-
catching means are applicable as well, like for instance
Darrieus-rotors. The carrying structure 2 for the rotor 1
is hung from the balloon 3 by means of balloon-cables 4.

The balloon 3 with the rotor 1 is kept in place by one
or more endless cable-ropes 5. According to the inven-
tion at least one cable 5§ is applied, which contacts the
carrying structure 2 at least in two different points and

-~ which contacts the turntable 9 near the anchoring point
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8 in at least two different points, which turntable is
pivotable about a vertical axis through the anchoring
point 8. The energy supplied by the rotor(s) 1 1s trans-
mitted to the ground by one or more endless cable(s) 5
which act as drive belt. Near the ground the cable §
drives an electric generator or other driven machines by
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means of a cable sheave with additional guide rolls
and/or a gear transmission, which driven machines
preferably are not fitted to the turntable. In doing so a
light, cheap and efficient construction of the turntable is
possible, making energy transmission to the ground
simple as well. The cable transmission(s) § furthermore
serve anchoring purposes of the floating parts of the
installation. The whole wind-resistance is thus transmit-
ted to the ground by the same cable-ropes, which also
mechanically transmit the caught energy to the ground.
An optimal system results, which automatically adapts
to the prevailing strength of the wind. -

In case of a very low wind velocity or a total calm,
the steering action of the horizontal wind resistance
forces acting on the floating parts becomes neglectable
or disappears and the dangerous situation may occur
that the cable parts 5§ would get entangled with each
other, making future service impossible. Provided a
sufficiently large vertical force-component in the cable
is available at the turntable 9, entangling will be avoided
in case a sufficiently large distance Z exists between the
points of contact of the cables at the floating structure
as well as a corresponding sufficiently large distance
ZZ at the turntable 9 (FIGS. 6 and 9). In FIGS. 1, 2, 4,
6 and 9 this is made possible by the use of twin cable-
rope-transmissions 5.

The distance Z is given by the carrying structure 2.
Said structure can be positioned such that the blades of
the rotor suffer aerodynamically by the repeated pas-
sage along said structure, the changing loads being
capable to introduce fatigue cracks in the rotor blades,
which is the more pronounced in case the blades rotate

downwinds with respect to the carrying structure 3.

FIGS. 2 and 3 show an embodiment according to the
invention, in which the distance Z is provided by the
suspension system under the balloon 3; however, the
carrying structure 2 for the rotor shaft extends substan-
tially parallel to the rotor shaft and parallel to the direc-
tion of the wind, so the wind flow to the rotor blades is
no more disturbed by the carrying structure 2, with the
-exceptlon of a small area around the shaft, which is of
minor unportance In FIGS. 4 and 5§ a carrying struc-
ture 30 is fitted above the rotors in order to create the
distance Z, avoiding any disturbance of the windtlow
by providing a sufficiently large distance between the
rotor shaft and the structure 30. The rotor shaft is car-
ried by the sub-structure 2, which is connected to the
main carrying structure 30 by means of cables 29.

- In an embodiment as illustrated in FIGS. 2 and 3, 4
and 5, part of the carrying structure 2 extends in the
direction of the windflow, which reduces the distur-
bance greatly. According to FIGS. 4 and 5 furthermore
the parts of the carrying structure which are placed
perpendicular to the direction of the wind are placed
outside the profile of the rotors. It is possible to make
use of cable-ropes for the greater part of even the whole
carrying structure, apart from those parts which di-
rectly support the shafts. In doing so flow disturbance
may further be reduced.

- According to a very attractive embodiment of the
turn-table 9, a cable sheave 10 is fitted rotatably about
the vertical axis Q through the anchor point 8. This
sheave 10 is driven by the cables 5, for instance directly
through additional guide rolls 11 (FIGS. 6, 7, 11, 12) or
by means of a sheave 31 and a gear transmission 27
(FIGS. 9 and 10). When gulde rolls 11 are used, they are
fitted to the turntable 9 is such a way that both parts of
the cable 5 are led in the correct direction to and away
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from the sheave 10. Each cable part between the guide
roll 11 and the sheave 10 should follow a horizontal
tangential line with respect to the sheave 10. A pre-
ferred embodiment of the guide rolls 11 has a pivoting
shaft V fitted to an arm 12 (FIG. 11), in such a way that
said arm 12 may pivot about a centerline X which fol-
lows the tangential line between the sheave 10 and the
guide roll 11, whereas said centerline X also tangents
the guide roll 11 in its lowest point (FIG. 11). The guide
roll 11 is fitted with means to avoid the cable 5 ever
leaving said roll. Balancing weights may be fitted in
order to move the center of gravity of the arm 12 with
the guide rolls 11 into the centerline of the pivoting |
shaft X.

The pivoting shafts X of both guide rolls are fitted to
the turntable 9. The guide rolls 11 will automatically
take the correct position due to the tension forces in the
cable parts § to provide for the cable running in a cor-
rect way to and away from the sheave 10. The same is
due for a correct cable motion with respect to the
sheave on the shaft of the rotor 1. '

The turntable 9 will pivot about the vertical axis Q
running through the anchor point 8 until the resultant
force of all horizontal components acting on the guide
rolls 11 passes through the axis Q. The turntable 9 will
automatically adapt its position to a changing wind
direction. An angle q may appear between the direction
of the wind V, and the plane of symmetry of the turnta-
ble 9, see FIG. 6. The sheave 10, however, will continu-
ously receive energy from the cable(s) § in the correct
way and pass it on to the rigidly mounted driven ma-
chine 7.

The vertical component of the cable forces acting on
the turntable 9, which is equal to the lifting force of the
balloon(s) 3 reduced with the weights of the carried
structures, and which is constant (neglecting the influ-
ence of snow and the like), can be counteracted by
adapted ballast weights 13 fitted to the turntable 9, in
order to reduce load on the pivoting bearings of the
turntable 9. The position of the rotor 1 is always down-
winds with regard to the anchor point 8. The position of -
the rotor 1 with regard to the direction of the wind is of
importance for a correct functioning. In case of a pro-
peller rotor, the rotation shaft should be substantially
parallel to the direction of wind and in case of a Dar-
rieus rotor substantially perpendicular to said direction.
Since under changing velocities of the wind the slope of
the rotor shaft may change, it may be necessary to apply
a control means 28 in the carrying cables 4, 29 of the
carrying structure 2 of the rotor shaft (FIGS. 3, §) in
order to keep the rotor shaft substantially horizontal.
One or more adjusting means 28 may be applied.

In case of a propeller rotor it may be adapted to the
wind velocity by changing the pitch of the propeller
blades, in order to maintain a constant speed of the
sheave 10 and, for instance, the generator driven by it.

A cablel-rope sheave 14 near the rotor 1 (FIGS. 1, 2,
3, 4, 5) produces a reaction moment in the cables 5. A
set of guide rolls 11 near the sheave 10 on the turntable
assures a correct running of the cable 5 over the sheave
14. Said guide rolls 15 may again be fitted on a pivoting
piece, pivotable about the shaft of the sheave 14. Near
the rotor 1 the guide rolls may alternatwely be fitted to
the carrying structure 2. The forces acting in the cable
and on the guide rolls 15, together with gravity forces,
the wind-resistance force, the rotor torque and the
forces in the balloon cables 4, 29, dictate the position of
the carrying structure 2. The carrying structure 2 has to
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provide the connection between the bearings of the
rotor 1 with the cables 4 and 29, extending between the

balloon 3 and the cables 5. The carrying balloon 3

should keep the whole structure in the air also in case of
leaks, therefore it is preferred to make use of at least two
individual balloons. The balloon not only provides for
the carrying of the floating structure, but also serves to

3

produce a sufficient pretension in the cable 3 in order to

enable it to work as “driving belt”. This pretension may
be too low for normal service in case one or more of the
balloons might produce a lower lifting force due to a
leak, but a crash on earth of the structure is avoided. It
‘is preferred to use helium as carrier gas in the balloons
with a view to the risk of fire, but the high price of this
gas may be prohibitive. The use of the cheap hydrogen
is made possible in case at least two balloons 3 are used
which are positioned on a safe distance from each other.

If necessary with regard to the ratio between the
weight of the floating parts carried by the balloons and
the necessary pretension in the cables § at the turntable
9, more balloons than two may be chosen.

The balloon should be sufficiently rigid. Between
others, this is possible by maintaining a certain over-
pressure in the balloon, which overpressure should be
sufficient to maintain the design-shape of the balloon
even under the strongest winds. The volume of the
carrying gas in the balloon will vary with changes in
ambient air pressure and temperature. It is normal to
divide the inside of said balloons into two parts, one part
_containing the carrying gas, the other part containing
air, fitting between the two compartments a flexible
diaphragm. At the air side the necessary overpressure is
maintained with the help of appropriate means, air
being introduced or let out to follow changing ambient
conditions. Theoretically the quantity of carrying gas
should never need replenishment, but in practice it will
probably be necessary to do so from time to time. Ac-
cording to a preferred embodiment, one or more con-
nection means 34 are fitted between the turntable and
the floating parts, which connection means should be
flexible and light. They may contain a hose for supply-

ing carrying gas, and electric cables for control and

communication, as well as to provide for a lightning
‘conductor (FIGS. 1, 3, 5, 13). The connecting means 34
may for instance be necessary to control the pitch of the
rotor, to transport energy for heating the balloon and
the rotor blades in case of snow and ice. It may be
necessary to make use of more than one hose and cable
34. , |
It is not advisable that the connecting means 34 is
‘subjected to high tensional forces, as is the case with the
cable(s) 5. This can be achieved by fixing the connec-
tion means 34 to a compensation means 39, 36 (FIG. 13)
fitted to the turntable 9, which controls the tension
force by corresponding deplacement of the end of the
compensation means with regard to the turntable 9. For
- instance a controlable air pressure Or oil pressure in a
cylinder 35 may be used or a spring 35, with or without
an intermediate lever 36, as shown in FIG. 13. The
connection means 34 and the lever 36 are shown in two

positions in FIG. 13, a first position with dotted lines in

case there is little or no wind and a second position with
drawn lines, which applies for a strong wind.

I claim:

1. An airship-windmill installation for catching en-
‘ergy from winds above the ground, comprising:
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(a) a wind energy-catching means having a rotatable
member carried above ground by at least one llgh-
ter than air floating body; |

(b) a carrying structure for said wmd catchmg means

 carried by said floating body; |

(c) at least one endless cable-rope transmission means
by which the caught wind energy is transmittable

- from said wind-catching means to the ground, and

(d) a turntable which is pivotable about a substan-
tially vertical axis fitted to an anchor point at the
ground, which turntable comprises a cable-sheave
for each endless cable-rope transmission means led

- over said sheave, which sheave being rotatably
carried in bearings connected with the turntable
and adapted to supply the energy from said endless
cable-rope transmission means to a driven appara-
tus, wherein said endless cable-rope transmission
means constitutes the sole force-transmitting con-
nection between the wind-catching means and the
turntable, which said cable-rope transmission
means is adapted to provide for the sole steering
and anchoring of said floating body part of the
installation, and wherein the first points-of-contact
of the cable-rope transmission means are positioned
on the turntable a predetermined horizontal dis-
tance from said vertical axis and from each other.

2. An airship-windmill installation according to claim

1, wherein said sheave is fitted to the turntable (9) such

that the difference in tension acting in the cable-rope (5)

is transformed to a torque in a shaft extending concen-

trically with the vertical axis of rotation (Q) through the
anchor point (8), whereby said shaft is rotatable inde-
pendent with regard to the pivotable turntable.

3. An airship-windmill installation according to claim

1, wherein at least one connection means (34) is applied

between the floating body part of the installation and

the turntable (9) and a compensation means (35, 36) is
installed between the turntable (9) and the connection
means (34) in order to maintain a small tensmnal force in
said connection means.

4. An airship-windmill installation accordmg to claim

"1, wherein between the lighter than air body (3) and the

carrying_ structure (2, 30) at least one control means (28)
is installed, whereby the wind-catching means is always
placeable in the required position with regard to the
wind direction.

5. An alrshlp-wmdmlll installation according to claim
1, wherein the carrying structure (2,30) is shaped such -
that its parts which extend substantially perpendicularly
to the direction of wind are positioned outside the pro-

- file of the wind-catching means, when wewed in the

55

direction of the airflow.

6. An airship windmill installation accordlng to claim
1, wherein two rotatable wind-catching means are pro-
vided separated by a distance sufficient to avmd entan-

- gling of the endless cable-ropes.

7. An airship windmill installation according to claim

1, wherein said rotatable wind-catching means 1s pro-

vided at the opposite ends of said carrying structure.
8. An airship windmill installation according to claim

'1 wherein said rotatable wind-catching means is a pro-

- pellor.

65

9. An airship windmill 1nsta11at10n according to claim
1, wherein dual guide rolls are provided attached to said
turntable and horizontally separated by a distance suffi-
cient to avoid entangling of the endless cable-rope
transmission means.
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10. An airship windmill installation according to
claim 1, wherein said cable sheave is mechanically con-

nected to an electric generator (7) driven apparatus for

producing electric power. -
- 11. An airship windmill installation according t
claim 1, wherein a gear transmission is provided on said
turntable between said sheave and said driven appara-
tus.

12. An airship windmill installation according to
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8

claim 3, wherein said connection means comprises a
hose for supplying gas to said floating body and an
electric control cable.

13. An air-ship windmill installation according to
claim 2, wherein said sheave means is driven through

guide roll means (11).
* % % *kx %k
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